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Znlraduction 

HoldegB . A. fl»ss« holder 1» a device for hold! a,*; a flame ia 
a rapidly flovin^ free atraan of £aSt asd thereto anklufj it po»*ibl« 
to bum in a straaa of SRich hi^iar velocity th«a it wrld ofcharwlee 
be poeeible to ti-im 

Ihe ability to bura effectively ia hi^ velocity strcaae 
has lately hocoae treteendoaely ia^rtaat bes^-axee of the grovlae use 
of all types of Jet proj^eloa aeediaaisoe in ^lich noet of the horalajs 
oeairs In fairly hlgjt velocity atreoae. Rule probles ie relatively 
aew hec»iee In conventional easollaa or diesel enelnee the stream 
velocity is effectively zero end the type of 'burala^:, enecontered 
there is entirely different from that in a flowing etroae* A elear 
distinetion is to be nade betveea a flame holder and a turbojet 
eoKboetori the turbojet co«iibaBtor is a device used to bum in 
a coretrained flow rco«lrlag all the gas to psse through the e^Kbustor 
tdiereas the flame holder Is inserted into the streaa and disturbe it 
as little as peselble lAlle still aainteinln^ coskbustion: fuel is 

alwnys injected throu^?» the eoabnstor lait fuel »5sy be injected either 
la or upetreaa fro* a fleae holder. 

K great deal of work has undoubtedly been done on this 
pmble* ^ the b.S.Savy, the U.S.Arayt and *««y Induetrinl eonpanies 
vorfclng \u»d©r contract to thea or on private projectsi bat ^ reaeoa 
of Its mllitsry and ecoaoaie aspects practically nothing has been 
published ebont the fUndaseatal nature of the T>rocees of flwae holding. 
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In fact. It Is aot yell kraowH gsnsralljr <Aich types of flase holders 
ST* now la greatest ass and which types have heea fouad uneui table; 
iMMNSsss aost of the ones la ass are ss|>leysd la ailitetry raa 4sts, 
the details of which caanot be dlsulgsd* Although this inTssti^tor 
is a aaaber of the atissd sarrlocs, no slasstfied iaforaatloa has bssn 
drawn upon and the prohlsa has bssn attaekad oa the iHtsls of lAferaatiae 
arailahls in the pahlis soisntlfle literature only. 

Se far as is kaoaa a»st of ths iaTsstidattoas oa flaee 
holders hare been little sore than trial and error inrestldatieas 
with little or no atteapt to dlseorer the exact aeehanlsa by whidi 
the derlee holds the flasM. Zt is c*nsrally staled^ that ths flaae 
holder, idiieh lumally has a coaea-rs dewnstrean surfaoa. doss Its work 
tigr ersating a torhulant wsks whsra ooahustioa ocenrs mor* raadlly than 
la ths ad^lnlng fras flowiag strsan. and tlmt this bsmisg tnrholsat 
region aets as a sonree of eeatlaaoas igaltioa fer tha aaia stre«si. 
d ali^lifted drawing of a hypothatieal flssM holder showing the aswosad 
path ef the air partielee «sd the wtQr in sdtlch the flaee spreads le 
^wtt la figure 1. Aecordiag to 3r. Xerad the incasing gae *rolle 
thTMi^ tha fliuBa* and Is prshsated to about I 5 OO* Y in a eaaner rexy 
aiallar to the actiem in a tnrhojat e<»hastor. Bewersr. ae qaaatltatlTe 
■easaree of flaae holder effeetiweaesa are in use. no euantltetlrs 
predietions for the perforaante ef a girca else or shapa era aade. and 
in geaaral it is not known idiat rslstions snlst betwesn slse. shape. 



I. li^er a diMwrlrtioa given tgr Sr. Xerad of the >neTsl Xleetrle 
Cosil^uqr before the iet pr<^alsion students at Rsnssslaer FoljrtstHftaie 
lastituta in Marsh I9U7. 
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T»loeity» «tr«Aa tvirbul*nc«» the dttivr Tsrif bl«». 9 t 
ther* AT« l*glo». PAzIutpa 1>k« falrljr eoanoB Ap^maeh %o a 

■Miare 0f th« «ffeotW«n«>s of « giToa flnao koldor io tko roportia^ 
of the loa« ia ietal preotore oerocs it la the streeM. liat this Is- 
plleo that the total Misaat of tarhalesoe is the si^lflo&nt ehsxao- 
terletlc rathor thao the ilatrihaticn or arrasc^eaeat ef the t«rheileace« 
ea eseusption with so eppereat juati fleet ioa. 

!%e perpoae ef thla iaToatlgetion ia to diaeorer the faada- 
sentel aM»ekaiiisa idileh » flese holder holda a flasa* Oase theae 
aigaifioant reriahlee ere detersiaed aad the effect ef seeh Ic onder- 
steod, a heaia for doaiga will exiat. 

Goahaation Stitdtea. ihe aoat fuadanoatsl atudlea of flaaa ee^aalsas 
are found in the work of thoae aeleatlata i^.o haee lareatl^ated the 
proeeaa of haraiti(g is the Bonaea haracr, e»d It waa frox the voric of 
theee people that the theoretieal heels for thia voric vaa tskeiu 
Asoas the outsteMliMS stoa la thia field ^loae waxlc wee consulted eras 
f* A. 6nlth, $. I*. ?iekeriiis» R. Maohe» tfilhela doet, and aoat iaportant 
of all« Bemerd Wwia of the 0. 3. Bureau, of Minea end Ouenther ron iilbe 
ef the Cemesie Institute of faohnology. 'S\e latter two worker a, in 
particular have Bade notable adreacea in underat^ding the aechanles 
of ooabtistion aad hare given a fu notional picture of the Bunsen huraer 
preoese ^ich for eecontey and detail is tniljr renaxkahle. 

In a humiag gs«, coxhastios occurs in a narrow soae eepa- 
ratiag the tmhitraed froe the burned eases, ?hie none ia a region of 
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reactlc% iriilch ]»ropa£&t>ee itaalf as a Kay^ana m.t« 

1» a direction noraal to its surfeto*. velocity ef prcpsu^tlcm 

with reepeet to the stetlenary oahcraed air, called the "hamlcg 
veloelty**, ie controlled hy the rate at* which the <dt«RieaX re&etloss 
are ladttaed in swcrcessive gas layars Igr (1) diffusioa of active 
speciee each as H, Qli.SOg, 0* aad (XS> into the oshurBcd gae, 

( 2) heat transfer into the nnharned gas, sainly ty conduction, 
fhe humlng velocity In a still gas for aost norael ^seons feels 
Is la the nei^horhosd of two to fivs feet per second, a figure far 
helevr that eeasntinl for oeahastioa In a hi^ velocity strsea. 
k fXmm rsisBins stationary in a aoving stream, as In a bnmer, only 
hscanss thsTO are regions in idiieh the flans velocity is eqnal to 
ths loeel streea velocity, esudi regions nsiusJl.y hslng near the rin or 
nser an ohstmctisn in the strsm sn^ as the grid of e X^er homer. 

homing regions eaetiaxioasly ignite the restalnder of the gac ae 
it flow* ty, the flane spreading oat fmr. these centers in such a 
that the no real oenponent ef the gaa velocity equals the homing 
velocity. Shis givee riee ts a cone la the ease of the Atnsea 
homer (fig. 2 ) and te sn Inverted cose in the ease of the siiaple 
flaoe holder (fig. 5). fhis has bees well nnderstood for years and 
the ttgle fomed hy the vertex of the cone, together with the kBOws 
velocity of the streea, has been ssed to deteminc the Immiag 
velocities of the fhels. 

She new eontrihntion of Lewis and von Hhe is a detailed 
eiqplaBatien of how the regions of e«piality of gas velocity and teming 
velceity am estchll^d in the presess ef burning. The twe 
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P 7 « 4 «aiiuttiflig lnflt2«ao«< ares (1) fricUon, «tiicb aloaa 4 &m 
TttIoei 1»7 M&r the eelii wall, ead ( 2 ) InhiMUea of Um w^losive 
reaettoa ^ the wall tgr mmam of (a) deetnu;tioa of the tftaia earriers 
and (b) eoolins. ?hae the wall deereesea both the gas veleeity end 
the baming welocity. . fhere Is alw78 a layer of one aolecule thiek- 
aese at rest oa the wall taod the gM welc^ity Increases with the 
distanaa froa the well in a mumt de?end»it for a eir«& g/to priaarlly 
apoa the velocilp and degree of turbuleace ef the flew. Ihe baraing 
▼eleoitf Is also ssre at the wall aad for a short distaaoe frm tha 
wall after sdsioh It Inereaeee i^adoally until at a certain dlst«M:e 
the wall has no farther effect and the bumlBg velocity is a fcnetion 
of the fuel sixture, degree ef turbulence^ aMouat of preheating, and 
ether variablee. fhls can be seen in the $feemMeiiioa ef fla 8 h*°baCk 
^ere thm flmo progresses down the tube a«^aiast the flow with the 
frlages txailing the central porii<m and not asideg contact with the 
wall Itself. Za erdlaaxy burning the wall eowpletely qneaohee 
the flsee for a dlstanee Into the gas sf ^reximtely 0.1 to 1.0 
ssutlasters free ths wall depsnding upon the type of wall, its 
teeparature. and ether effects. , 

71 «yt-'baelc secure ths /| velocity soiM^srs eseei^ the gas 

Tsleeity. Figure fhls eeadlttsa ie represeut^ by curve 1. 



2 . aueathey von Blbe and Korrle Meutser, *fUrther Studlee of the 
Structure and Stability of BonMtr Haees*. The Journal ef Chsaiigal 
fhretes . fol, I3, pp.!^-100, 19 ** 5 - 

3. Berserd Sewia sad Ousuyur vea Slbs. 'Stability end Structure 
of Bomer Flawes*. fhe Journal ef Chsstleel .Thysice . Tel, 11 . 

pp. 75 - 97 . 19H3. 
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As the floir is iMressed a eritieel veiooit^ ia readied, curre 2, 
skers the ^ veleelty is horely e^fwtlsd ty the huraiag -reloeity sad 
flssb~hft(& is Just possible. With farther Iscrasss ia flow the reloelty 
gradient is stt«3x that the gjaat Telocity ereiysbere exceeds the buraiae 
Tsleeity, curre 5* sad the fl»M is swept out of the tube late the 
opea sir* ilie faetors that detsmiae the critical Telboity gradient 
for flsdi-bset; ere those that affeet the l^iralag releeity aesr the 
wall* nsaely the eeaditlea of the wall and the aixtore eoapositiea. 

Oju» oateide ^e tube the eeabastlble gaees bmt the 
bouadary ragsia their lafla w a a b ill^ esd the flasw estsblishee itself 
tf aesr to the rla ef the bemer as queas&iag allowe. At sosm psiat* 
the isas Telocity aa& baxaiag relocitlss are e«|ual, aad the flssts 
position becoetss stabilised (?ig. ^ (mrre I). With increased flow 
the etasbustioa seas aores farther away frcm ttia ria ^^iaiag im borhlag 
Twleoity due t« the iacreaeed distaase fron the %pall sad aaothar poiat 
ef stabili^ is reached as ia earre 2 Sigara SowsTer* the bamlag 
Tslocity vanishes toward the bouadary of the stress as a resolt ef 
dilntlM of the eoabostible aiztors >y the ataosphcre and erentaally 
a rate of flow will be reached sa^ that the grs velecity evesiywbere 
Kceeeds the buniag velecll^ sad the flsae will be blom off the «td 
of the 1xxsT»T msA nctiagaiehed. Ihie point is teraed ^lew-sff.* 
fhers is tlms a critieal velocity gradieat at the wall for flai^-ba^ 
sad aaotHer higher gradieat for blow-off. Between these critical 
gradients lies a range of stable operation, where locrwwlng the flow 
aalaly smlsos a farther Inellaatlea of thei flaas sarfece from tho 



Boraal te the gss stroea. 
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orlfcleatl ■vX9ol%y «wy« ealeulated from tfe* 

•fipiatlQAS of Ttloeiijr 4i*tri1mtioa Ik iKiin&r fhov iQr «ad voa Slbej^ 

sad th«lr e:^j«rl«eAttt showd 6h«» to oonct&nt or«r « vido Tsriet^ of 
tttbo sizos end i^o Tolooitios for n sivon mixture oonpoeltlen. 

Anolyo to of t^o Froblom, fhm MtXiont princinle to Imi takes from tbe 
foregoing 4eeeirlptlen of tim Boohss.iaR of eomttustioa in iSuneen 
iNtraor le that tbe eoatrollitag fafttor for fXeae staLblXisotion le the 
grodieat of gne veioelt;f ^tveen tke Igaltod isortion of the goo end 
that portion renaiaiBg to ho ignited, for the fl»eo holder this moane 
^0 gradient of Yoloelty hotween the tarhnient low reIol:it 7 region in 
the veko of the ohetxvet&«r end the ed^scent free flovisg s^in etrean* 
From oerod^fn^le conoideratloae one eonclndes that the gradient of 
▼elool^ between the tvtrboltt&t wake region and the from otrean shonld 
net ho a fttneticm arlaarily of the eh*s?e of the downstress* eorfage ef 
the flmm holder bat more directly of the up*tr®«B ehes>e, it* «arf««e 
eoadltlOR, and the type of flew in the iaeaning otrean. fhl* laapliee 
that the «hnr!0 of the dewnntreae sorfseo i* of eeeoadaiy lapertonee 
ealy, *a li^lioatloa not la accord with the gonoml practice %Moh 
apparently calls only for Tariatloao la the tj^ of coacnrlty on the 
dowaetrean eorfaoee with little r^ard for the shape of the opatroam 
sorfaeee. 

It i»8 therefore pl«*tted that the flret »tep la this iwrootl- 
gatioa. would be to aeaaare tlM effect of the doimstre** enrface «?ea 



h, Sfaentiier won Kibe and Merrie Montser* cit. 
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th« flaaie boldliM; of an otMtraotiMi Is kkc oirsAS* hoXdlag 

sU. other TsrisMee thic «&s dose V eonstraotiS£ fUse 

holders of les£ slender rode with differeatljr i^tt^Ad dewastress 
maim so th&t the flow would be Idestleal for ell fl«e holdere 
soEoept es sffeeted Igr the ehej>e of the do^streas esd» fhe xwd wee 
sRseated oeexieUr la s pipe fres which a eosibnstible slstnre of 
prepMM sad air ms blows. Idsities was aeeM^lished Igr ^pipias 
a ter<^ to the tsrbSlest wahe eddjr aad the remit wee a flese is 
the ebapo cf aa iawerted oqm ae la l^otOjgrai^ X. Obserratlosa were 
mmim also apos the flow slattern, ^rmaavasm effect# is the etreaa. 
temperature dlstribatloa, aad cenerally of all fscte enspeeted ef 
harise a bearlac opos the aeehanles of fls«e holdia^. hated s^a 
theee ebserwatioBa a aew tfpe of flaee holder was desifaed. bailt* 
aad testad. 




Photograph 1 
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sax ESFSElKSifS 

SIMM th« object of makiae the ojiperitteot wm to detenlM 
th« offset of ths dowastnMUi mitfmea of « floso holder apoa its ftbilit7 
%• held a flsMt the apperetms toss desigsed SkS slt^ly as |>OBSil>Xe to 
felfll that prlttsTjr requiresAni. 'Skm es^riaumtal apparatoe is shona 
la Fheto^s^ 2 * Its essential ]^arts are a blower for Mipplying air» 
a teak of lii{uld prt^eae fer cepplyins easeeas fhel tgr eraporatlon* 
aeteriee dariees for eeasaring the irate of flow ef air sod fael« a oen- 
trel ralwe for the air sfstea and another for the fhel i^etesi, three 
fleae holderc eoseieti&e ef three lose round eleader etMl rods hawiee 
three different chapee on the downctresa sorfaeee. 

a detailed deseriptioa of the parte followe. fhe relatioa 
ef each pert te the aeeeahled apparatue is best seen bgr referenee to 
Photogres*. 2. 

Air Blower. The air blowar wet a oentrifugaX aaohlaa deeieaed te 
eoppljr air te Mtallargieal fumaees. Its rated capaeitjr was ene haedred 
sewenty-fiwe oubio feet of air per alaute awasured at ataospherio 
eenditions; bat, sines the aster driwiiw; this blower was a^t as pewerfel 
a* the one inteaded to be usad, the aetual <H2tpat ef the blower wee far 
below the rating* It wee soffieient for the parpeees ef this es:periaent, 
hewerer. The blowMr was operated at thirty four hundred sewesty fire 
rewolatiens per alaate sad it ran quietly «Ad with little wibratioe, 
deliweriBg a supply of air at aa alaost constant ba^ pressure of 
i^proxiaately twenty six inches of water gage. The total variation of 





Photograph 2 
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Photograph 3 
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iteek ^sm9mr» ms* tJh*« ttnte of «r of ihrota^- 

Mt thm ^I« roeordlM* of «Hra6iME>o» of flow* or 

lie?' oklior r«3lo%Io«i »»4 till* «*mi « loportont f»oi»r In olai^Ilffios 
liko of &tr »*iS goo flow «• will hm —m In felsio corIiic 41 »- 

fine* %3m f*«i|^od flow *f «lr mM mi l^nw ii»* blower 

It M« eOMllM* tmoA mi lev rmim mt tlmm to 1»e t« • sHUtl* »f feleatie*, 
hot ikm .‘mlBmttmmM were rtry —11 In eei41t»f* ond fbltljr n^l4l «• tiuklt 
no lndieeii4m wet eee* on oear of Ibe mtmommimrmi end. Mr* la^rtent, 
ee ^^tmQi of iMe iwIeetlM oenid W e«en la the flnM eltkoegh eeoty 
effort Me and* to deteet eon* iri—ce 1*)^ tomtud; «heTeet*ri*tle« i*mm 
{M ieetlon net ie« 1% ie beliered Ueet Uae effeet of the entering eriflee 
g«kdL the Icri^ eoivtrel mire yfkUik wee jertiell? elOMd ct ell ttnee 
•Mf'Ietelar ell^i^Uieled Hm effeet of peleeti^ Iwl^r* it ren e w ed tlie 
fXeee — e. 

M-r lieterln^. Mr entering ene eAeon^Ii^ied tgr Mmi ne* ef e flat eriflee 
flete bnllt miS installed aiseerdlng to the js^ieelfleetiomi ef ineMeen 
Seelet 7 of Xeeheeleel Ihit neesurenent ie beeed «|>«« tlet 

ae— nmt ef Um etetle tenure drof in n ctreen of flnid ee it oen- 
eei^eee i9 ]9*ee titrewii^ n restrieted openiag. fkm deteile ef Iheerjr* 
deel{ 9 i« end iMtelletien here bent worked Mi retp *nrefall|r tg 



5, ^MKTienn Seeiety of Mechanical Engineers, 

Fluid Meters 

Part 1 Theory and Application 
Part 2 Description 

Part 3 Their Installation and Selection 
K. Y. Soc. 1931* 
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« ««Bndil9« of th* A. S. N. £. and s«t>Xished is a *p««lal r*|K»r%, •« 
tiinse d»tidl« «m prasaatad h«r«. 'San orifisa vaa isstallad la 
a t^aa Inah teaaa pipe; aad tha erifiUsa dlaaatar %wa X. 53 I iaeiiaa. 
fraaaaza taps vaia laatallad abaai cma l^f froa Hun ariflaa pla^> 
aa apaelfied for *fXiiaca tapa*. Praaturea vara xMMuiarad vltii a« indliaad 
aaaaaalwr idxl^ eoald £a raad aae«ra6a3^ to a huadradth of aa ladi of 
vatar* Tariatloaa of iaa^raiura and pratmra obaaraad in tha air «^taa 
daring all typos of oparatloa vara not great a&onigh to aaica sigBifica&t 
aheagoB la tha ladicatloaa of tha aataricg s^Btaa, a&d iharafora the caa 
waa eonaidarad to ¥a ataaa^haria adr la the aalealatiaaa. 9)fea aatarlac 
aya^** a* iaatallad isad aaad idkaold glra xaaaaraBMiats of vali^t flow 
aeoarata to laaa thaa thraa paraaat. 

Qontrol y^Xva* flm aoatral ralwa i«aa a thraa inch gala ralTa iastallad 
twaalQr-fiTa laohaa dswastraaa froa tba jaatariag oriflaa plata and alaa 
laahas downstreaia frM tha peiat af foal ia^aetiea* la aplta of ita 
larsa alae thia Taira waa a rerar aaacitlTa oontrol darlae BnatUag 
tlM ap«i%tor to eeatrol tha flaw witkia laaa thaa 0*005 ia^aa af watar* 
iMMid oa tha diffaraatlal aaaoMtar. Xa additloa to aantrolllas tha rata 
of flow af eoahaatloa alxtura* thla walra parforwad ^ a«seatlal 
fteatioa of thoraitdhlp alxia« tha ftel »aA bXt la ttta tortmlaat raelw 
araatad do^eti^aBt froa tha Talre. Xa dlffisolty waa oac^aatarad aa 
a raaalt af bad aiziac* 
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^>*•1 vM propan* gas. 0^1^, s»ld uade? fchs 6f»4« 

nnae “Fyrofax* and. asiipUad la ll^d form is ivaiat, this faal has 
m Tspsr prssiurs »f a^prosinstsSy 120 lbs,/si[.l». at ross t€ni>« 3 ^ttirs 
snA ihsrsfers s eoavsaieat fasX wapply sism obtaiiisA es»- 

asrsislljr in ths fswi i^ssrsUp said far rarsl hsaw eoelciafi asul hsatinc* 
Soaw of psrfelftsai eluuracisrisilos^ of prs|«RS as a fhsl a«« talM~ 
latsd bslov. 



STO par ixmad 21,500 
Sp. Or. (air - 1.0) 1.56 

». P. y 

Oritieal Praesora ^.1 Ih./ot.ia* 

Xatio af Spaaifie Hoata I.153 
Tiqpar Fraasara at 22® C I32 lh./aq.ls. 

A i^aaaura raduaisg valra af tha typa ganaTall^ asad oa aeatylsaa taakca 
la waldir4; oparatloas aaa iastalXad la tha :^ial lina la ooatrol tha fhal 
prassara, sad It aalntalMtd tha praasara oaarly aoastaat hat vi^ slii^t 
fIaetaatlo»s. ^^laaa flmotuatioaa ara haliarad to haaa aauaad siallar 
Tariatloaa of »all «plltada la tha flaisa slsa and lataaolty. S^laaa 
raadiags at blo«-aff oauld ha rapaatad mass^ tiaaa alth alaost idaattoal 
raaalta. It is balisTSd that thasa rar? aaall flaetaatlans had so 
aarloas affaat aa tha acworao/. 4 aaall aappar pipa led tram tha fhal 
task to tlta aeia air lima sad ths foal wet lajaetad a^siast tha air flas 
hr a heat pipa iaslda tha air llaa aa shoiiM. in Figu3^ ^ fha fasl igratM 
as a tdtols aonstltatad a satariag darles was vary rallaUa esea 



6. Ihtta fumli^ad hgr tha aappllar. 
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It had h«dn eorrcetly ealihrat»4. hat th« a»Xlb^stioa wm onm «f tk» 
met difficult part* of tJia a*a«ir«aent. It va« emrriad atet as fallows. 

7o tits hsJidls of tks ftMl esfttrol walro was wsldsd a ]^iat«T 
whioh »a&e eoataet with a posltiwo stop dsrlos Isstsllsd on ths body 
of tho w«1ts la sash a wsy that this control vsivo coaid. bo opMsed to 
Kmstly the sasto plaso ropoatodly. tho tiaw was than asnsarsd for oas 
pound of fael to flow oat throagh tho syoton for a sorlos of spoetfiod 
proooures la tho fbol Ilmo. ms data is tabolatod to «pp«adlx A. 

Slaoo tho proosaro In teo sir systos to skleh ^is fSol dlsehorgod 
roaaiaod ooastsat ty rirtuo of the blswor (diersoterlstios cad tho fast 
that tho strooa rml09]ity^ wss so low that tho iapast proosaro had no 
sl 4 p^fieaat of foot, tho proosaro in tho fool lino wso tho only ooa«> 
trolling effect, prorldsd. the toaperatoro of tho fuel in tho teak did 
sot dr^ toe t»3e. It wao t»axA that with Xoog esntisaod haralac 
owoporatloa eooliag eouood tho tosporaturo to fall oo lew that tho 
dosslty sad rlcoostty of tho g«s woro ohsogod} this allowed a groator 
woi^t of fhol to flow por oait tiao then with aoraal room to^paraturo 
gas OToa thougjh tho prosstores in tho fool lino woro tho sasM. finally, 
however it was doterainod that the valuation froa normal was sot is- 
portent if tho vapor prossaxe la tho ta^ w«ro kopt botwson 120 and 10;$ 
lh./st*ln*, tho vapor proowiro holsg a Msawsro of tho teaporatoro. 

1^ o^arviai; this proc«Rttlos vszy assarato leoasureasats eould bs siads 
as will bo Boon free tho tobalotod tlaes In spp«sdlx A, and from thsoo 
■anoaresAonts tho ^ol oalibmtloa earvo, Ourro I, wao maAm op. 
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S]3«ereafver »lth iha usa af tkia aarva. laio>#lng praaaura La. tha fual 
lina» «xa piok aff aoeurafcaljr wai^t r«ta af flow af fual* 

kmpime in miaA all tSam tim tkat iha Taper praaaora la bh« taidc laaat 
ba aalnisiaad bafewaaa 105 *ad 120 Ib./aq.ia. JDoa feo the Alffleulty 
anacwmbarad in ika fkal aalibratloa and the faat lhai Him aalibratiaa 
<mrra finally aktaiaad waa alaieat a atxal^b ll»a aoairaxsr ta asqptaetabiaa. 
thia aalibratloa was oha^ad «i4 raoha^^ad sararal tlaaa durlBe tha eaarsa 

of tha inTastlsaiiont waA %ma rapaaladly Tiriflad. Gaaasqoswtljr ib i* 

✓ 

baliarad that Issr its aaa T«ry aoearata aeasureratats «f tha fusl wal^t 
zata was* abtaiaad* It tdll ba iMa that g^raat c^eura^ la tMa aassarao 
aaat la aaaaatial to tha eorraet aaaaaramaat of tha hlaa-off Taloeitiaa. 

flaaa Hpidera* fha flaaa holdara wax« ooaatraetad af ataal roda af 
4i«aatar 0*2^75 in^aa aad laacth » thirl^ tlx Is^aa. fhaaa fUsa 
holdara vara wxmtad aaaxially la a oaa-laeh pi?a thraa fast laag ia« 
atallad ai^t iaahaa devaatraaai froa t^a large ooatral aalTa. Tha^' vara 
hald la plaea b|r aat scrawa Xocatad ana f^ot and two fast froa tha doiA- 
atraaa and. I^aaa aat aarawa togathar with tha eoatrol vnVra lasarad 
a hi|^ dagraa of tarhaloaea la tha air atraaa. far all tha racordad 
nuts, the ends of tha flaaa holdara protruded eas-hnlf Inch froa tha and 
af tha ona-lac^ pipe, bat it vaa obs erred that ao aaaaarabla change in 
parformnoa ocenrrad whan tha aad af tha rod ma aorad from tha plaaa af 
tha and of tha plpa to a plana ona ineix do^atatraam frui tha plpa. 
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a sU4iae r»<flc Sirri** to ^iob 

WM <k ibsmoeoupl* tut«»A fatr « %m^Tm%nxm 

frolM of %hfi ^SMitittstioa M^oa« S«« i^j^ndlz A for tolxU-AtlOA. fwt 
a«al«« i«er* to th« TtioSa th« *x* teolo joMMmrod te «m 

•ixtosnth of «a wio osod to sooooro tho distoaoo dovastrcoa fre» 
tiio m4L of the fluM holder; end theV* eoaXe idiiob WNURured tbon^jKadthe 
of feet utts tttod to aHUMsre diota^eee perp«^lcul«r to the flov. Xt «&• 
r<H 7 dlffioelt to neiateia « etehlo fleae «t ten^oraturee lev eiKiuc^ 
for the ooe of e Uiemoeoaple «ad thlo footor •everolf’ liiBlted 
anetmt of laforeetioa that ooeld he ohteinod \ff thle Method, fhe reoulte 
ohtelaed ^EbootioMahle heeeaee of (1) the lone eKpoecure of the tbereo- 
oonple eat Ito flttiai^ to to^^eretoris imsa the therMOoeeple’o rexiMui 
lieitlng; tMEperatore. ead (2) the prohebility that the preaeaee ojf 
the thensQooeple altered the otreotos^ of th« flaae* ( 3 ) Mdiatioa ecrore. 
SooeTOr. iB spite of $reheble taaoottraeiee com ▼erjr latereetiBc iafor» 

■atlea about the teo|»erAture dietidhutloa la the fleae cem aae obtjsiaed 
and ie ohom la Oarrm XX. A proemire prehe wee aade ating «» io|M«t 
telte iastalled la the amm olldli^ rei^» vith iatibtPaX resolts. ^rom 
hoo^peratoree eleo llaited tiho eooaraflgr of theee xseamremeato. fe^i^tttre 
Mid paressoxo MaaOBroomato ««re aade la ^a^uaetloa «i^ Meat. Coedr. 

OllTar 2, Ooeptoa. U. S.I. «dio prepered Oenre IXIfroa raw data ohtalaeA 
JeUtl}'. 

iehllexHStfi. SidiUerea i^td^sresho were aade tgr (^t. Jteiooell Herrinstoa.O.S.A. 
for tee parposim of tee flow eroaad the dewaatree* eedc of the flaae 
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holdfir*. 'Sue Teleeitj of air sratlabla was ast s«ffiolea% %o tha 

mN|ul»ite dtmally dsiusgea, howrrar. and t&a% flow me revaaled. 
fy» Intaa^Btia^ tHihU«r«» pbo% 0 £Va|d&s mre pr«t«ixt»4 tbet do t^sev eoaatbiac 
•boat the fXov et the stn^Mi as a i^la. 12. i^va %ha Shapa 

aad dlvergaoea of tii« aaargiiiig atreaa ^thoat imraiog. It «aa aada V 
iMMtli^ tha air la tka oae-laeh pipe with a gesoliae tordt ehiah eeasad 
•afftaieat £i»Mitjr ciuHRga to regieter ea the e^ierea appaxatwi. l^te* 
craph 13 Shove the fleas ooaa rearjr elaarly. Sots the extreae t«rtalraee« 
the dlrergenee aheaA of the flmm, the distance hetveen ti^e flajM holder 
aad the flseae. ^^Mkerosad heat wvm* are those drlftias past la the 
ataoep^re fr«a the hMted oae*>iaeh pipe «sd hare mo h^uriag es the fl«Mi 
proeese. Both photegra^e sere eade at l/ 3^*000 eeeoad etoppiag the 
■otioa ^tireljF end ehevlag that the smooth coat ohserrod tgr eaA 
{lu»tegni^phed with ordiaarr shatter epMde mre aot at all a true pietare 
of the hDTSiag proeeee. 

Oheerratiene of Bloifoff* fhe aaift oheerratioss were those lot«3ded to 
M««are the rate of flov at the iaatsAt of hlov-off from eexdt of the 
three fisae holders over a raage of isixture eoapoeitioae. A stadf of 
the fael c^iaraoteriatiee wee not inteadod sad the great laportaaea ef 
the eosposition ef tiie haraiag eixtare Is Mleljr doe to the fact that 
^ ettB^eitioa prefoaadly affMts tlM homing ^laraotcristioe. i?herefera» 
the oal 7 soaad hasis of oo«^ris<m ef the three flaM holder# eaa eoapari- 
sea for the ease aixtnre* and this eonld he aecoapliehed vith the espert^ 
aeatal eet>up la nee only aakias swasureaenta over a r«age ef aixtares. 



It e!»}«ild he held ceastantly la atad ta evaluating the reealte of this 
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ianrvstl^&ioa that 4ataraiaatlaa af tka akaolata parfaiTMaM *f iha 
tkma flaaa holdara «ma not tlia priMaz 7 objaet, hat Aatandaatiaa at 
x«XatlTa parfaraanoa aaaae tha Uuraa ima fclxa goal. 23aa to tMa fact* 
iQrataa arrara applying aq^ly ta aa^ of the thraa aarfaM# wottl4 not 
affaat the aonelnaloaa 4rava. fkla la oat to ba tafcan aa an iapliaatioa 
that any af tha aaaaaraaaata are iaacourate axa^t aa K>ta& or that askf 

ware taralaasSy ^na. 

IgaitloB aaa aaaoi^llahad ty blowlag a fairly rich alxtnra 
paat the flae» holAar at a lov Yalooity and holdlag a flaalng aai af 
aaata near tha tartalMt ragioa liBeadiataXy iowMtraaa from the flaaa 
holder. After igidtloa tha flav aoald be Inaraaaad and the aixtara 
aaald ha chaajiMl at vill wlthla tha aixtara lia&ta af laflaanahllity 
and the flow Haita of atahllity. Ska aispat^aaaa of aeraal alxtmza 
hitr&iag. aaa Mlthar "rlah* or *laaa*» fraa tha fl^ aadad rod la aaaa 
la Photograph 1. fha pipa cad flane haldar ara rielbla at tka left 
adga of tha platura, ahladt ta eli^tly larger than life-elaa. Kota that 
tha flaaa 4oaa aot aatsa aeataet with tha aatal hat it haeowaa IwiaoM at 
a diatMioa of appraxlaataly 0.1 iaehea aMy fro« it i^arantly aa a raaalt 
af tha qxuHiehlae affaat af tha aatal. daeawr, tha laaihoaa ragloa la 
aot aaoaaaarily tha ao«t raaotlra ragloa, aiaaa a larga paraantaga af 
tka raaotlott nay oecsr ahaad of tha Itiainoaa ragloa.^ ^ araraga 
Tolacity of tha otraiia ia this piotura la ahoet thirty-aaraa faat par 
Moaad. and at thla Taloeity tha flana freat ia wavy aaarly pflurallal 



7. At dcracrlhad ky Sr. Sarad of tha Oeaeral 3Slaetrio OeuBpeay hafora ttxa 
iat prapalaloa atodeats at hanaaalaar Polytaehnie laatituta in kar^ 19^7* 
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64 Um fXov for ft 41ft6siMft ftf tvo or tiurfte flt*« h»Xt»r Aift— f r< dOMOStreMB 
froft thft flattft Iftoldftr, «t fthieh pftlat It ttafin* to dinners* in » earratm 
that iftOroftSftft vith dlotaaeft dovMitrftaia. ¥h« ftteoraal XtMQHi oa tb» 

•oaft ftarfftftft oftar tlw %••• of tte o«a« are das to « alaipftd 

t«rt«lftat rftsioa ftraatod tgr t^ oatsldft fttaio tSbmf anktae i^idlfto «rooa& 
lliaft rti^dly flovine ■»!» fttnaai. fbis plk«»(aM«oa «aa %• «•«& lMtt«r la 
Photo^^l^ 11 tiklBftft ftt ft aaeh lo««r rat* of flev to that tM» tartialftat 
■aiawlar rortftx htm aftv«d ftlot«r to tho plp« ontiraljr cl^searlBs aoat of 
tha divergftat Oftotioa of tko oftaa lAiofe ttiU exlotft IbsI&o tho dot^^kaat. 
tihfta flov 1« dftcroftftftd ftaffieloatljr irarfHsx aoros t«t«k oatil it 
aakftft coatfMst vith th« ftdso of th« pipe sad foxm a^ Saaawi haraer tjrpft 
of flft«i» eoaotlMv with the ^versaat ooac froa the Htm» holder otiU 
Is plaoe and Mmiag well. However* this roll of tarhaleat outside air 
is ft fttaetl<m of the pipe edse aad the af^leat fttaoeipbere rather thea 
ef the fleae holder aad no particular study has been ^vea to it. It is 
wartigr of note* however* ^t the aexlflaa fleae tesqper&tare agpwf te 
he loeated vithia the oom et^eeeat to this vortex. 

Slietosriqph $ shows a fl«ee lihs that of Phetoeraph 1 la every 
reepeot exeept that the aixtare Is laea. Hthoaclk the velocity te still 
the eeae* the Iwiaouft fXaae does not apl^roeeh the aetel eleaer than 
ahsat three teat^e ef ea laf^, cAd the fleae front at first eoaversee 
instead of rwaiaias parallel. She shs^e of the tarhalsat resdea ^t 
dovastreea ef ^e flase holder is elearly vlsihle doe te the low iateasity 
of the flAM sarroeadias it* fhe easle of divereeaee la the lower pert 
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ooa» it twwh astlltr for the leea sizture thea for the aorael* 
md is j^tnerel. the iMlaeeltj le aet to ¥e«S)ere^u« ■em emea eatt 

ehew tii» tMEOPt^tore to he far Iew«r eleo. 

^togns^ 6 it tialltf te Hiotescasht 1 e&4 5 uceept that It 
It a ri^ GLixture hiarmiac et the taae velecltar. lote the tiMtrplj oat- 
llat^ tarhol«it reeioa. tiie ywxj aarrov ne^ im the fleae* Md the lev 
laaixtoei^. Qaoe tftt«Bte harmlae «ae tt^rted. at It aat ia the vevtcc 
^ the rl^t of the pletare* IwlBoeltjr atd tea^ratare vere hl^. It ie 
peteihle at tiaee to eaate Uiit flaae te ne^ 4oaa aatil It separatee 
eatlreljr vlth a dark epaee hetveea t^e homing at the tip of the fl«te 
holder aad t)ie horalag at the haee ef the eone, hat this ie aa aastaUe 
titaation ^«t eea he Miataiaed onlj for a eoMMot. It ie prohehle tint 
thee flase eeparatloa Moarred the latervealng dark regloa vae aevtrlhelete 
a melon of hi^ ^mleal maetlTltj; iatro^tloa of aep aeaeariae 
derlm tush at a theraeeosple tcrred oaly to ditropt ^t flov pa^lam 
Hid CHite hlHr-eff er retmm of the losiaeot fleee. 

Fhetoem^ 7 ohevt the type ef flaae ohtaleed «lth a aerael 
aixtare at hi^er Teleeltlec. thlt oae hel^ at approdeately tiztj-flm 
fhet teemd. Althoa^ md ef the flaae holder enaiMt he eeea 
la the plotture lie petltien eaa he amarately Jadged free ^ femi^iag 
phetesra.|d»« Fhoteemph S shove the com fma the roaod e ad ed flaae 
holder at very lov velooi^* t®pmxiastely three feet pnr aeeoad* la 
thlt pletouno the nagle ef the esM eaa elearly he seen to he larger 
than hefere, date the slight atrratare et the apetreea edge of the flam; 
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tki« Is bellsTsd ts \m s result of thm o^tuard r«41»l flow frs* a tiigr 
T 0 rt«x ia til* ««aoi of tbo flsMi I^ldsr. fliwt* from tko flet or 

waacre surf«o« ts MsoatiaXIjr tkm 9am in a^aarmam m» tkia flam 
from th« rsaad ondod rod* 

Om pitMtOAMioa Mt $cp;^K9«a% tram the phetogs^phe het reediljr 
Tleihle to Uie aya to the eerlatloa of ooXer «lth eixtwre. Qie Omm 
ie hXoe for e Xeeac sixtore Weetting ssora luRlaoas text rwwimtnd 

hive M More fUel is edded te the aixtare* tChea saffielent fhel le added 
to eaaee the eeolttae doim aheeft ie i^tegra{di 6» the eelor te 

creea ia that aerrov recioe end receiae the aoraaX hlae eetor la the 
■ore laadaeae rec^oa dowaetreea^ 3hle graea eoXer io hellered to he 
dMM) to the precenee ef eaetted forMddahjrdie la the a •eaifeetatieft 

ef Ut^e eo-c»lled *eeel A««e* reported la the literatma of ehealeaX 
klaetlos*^ 

7k» ratee ef Ao« at hlev-eff were oeaeared eettlitE a t^Lrm 
weijsht Aov ef feel ae prerlimeljr deeerihed la the oelihratloa dlseaeelea 
Md iaoreaelai; the flov of air eatll the flam blew off the ead of the 
fleae holder* %e readlas of the iaelised aitaoHeter at that lastaat 
cere the rate of air flew ead this ooold be eoatlaed with the rate of 
feel Aov to sire the total rate* the mixture eeeiJoeitloB, and toother 
with the area ef the asnelar opMlog* «a arera^e relooit^* felaae ratM 



8« Ton Ube ami. IrnAa, doaraal ef ^Mwdeal i‘'hyeiee. Tol. 10» p»3^* 19¥g. 
aad h* B, Beofe and Oliver ^nwwslt. ?he‘ ateci^roURd. ^av Sgglje 

Beeeartrih* latereoleaee Ihihllelierc* lae. Sew Jortt, v.^»* IpQ* 
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Of flow ig«ro uc«d la tlM raport lastoad of Telocitioa la ordor to aooiA 
%hm ooas>Ueatlo»s arisltM; o«t of tho voloeltjr pxofilo; olaoo ooIom 
raioo wero ftaMOtIjr proportio&al to aror&so volooitioo« tho olso of tho 

A 

oxlt opmiag roeaialac eeaotoai, thlo paroaiotor wo aoaoaro of pOTfosaoMO 
ofoally oo good «o oolooity would havo hooa* 

It uao poooihlo to got Tcrj coaoiateat readiags oaeo ttMi fiaoX 
oallhratioa prohloa had teoa oolood aad the of eoatrolUag 

tito flMO had tooa ootulrod prmotioo. fho rav ozporlaoataX data io 
llfltod la oppoRdlx A Md oxaalaatioa of tho doriatloitf la tho roadiago 
will give oono idoa of tho nrprodselhlXltjr pooolhlo. Howooor tho raago 
la whl^ this roprodaeihllltjr wao ohtalnod wao otrlotly llaitodt oad ao 
n$Aine» woro Toportod oatoldo of this raago. At tho flow tho 

liidt WB« oatiood hr tho fact that tho flaao lastoad of hlowiag off at 
a daflmlto wolooitp would grodaaX^ doeroaao la lateaallgr aad oloo whilo 
vav fhal was hlowa threai^ It «Ul lato tho ataoophoro without hanlag* 

If this p»roeooo woro allowod to go to ooaplotioa tho flaao would dtaialah 
aatll only a Tsrp tligr tip haag oato tho oad of tho flaao holdor ooc* 
toadiag about two dloaotoro dowaotroaa tbensfroa. Xturthoraoro. at ratao 
ahore a eortaia doflaSto raluo for o«cdi aixtara aarleod. iaotahilltj of 
tha flMso oat la oauolng tha aaatwotor to fluotuato wildly oror a raa^ 
of about alx toatho of aa In^. la ordor to avoid orroro fr«MB thooo 
ooiiooo, tho hli^oot roportod data was takea at a rato of flow iq^proad* 
aatsly 75^ **to at whloh it oould first bo oboorrod that taw fuel 
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Moapla^. fbmv is ao osrtaia va? of kaoidas that eoai>l»t« eoatxuitle& 
tocdc plitos oa&sr timi eoadillos Iwit It ic (^insldersd t« a 
a(!|Mr9xigiatioa. 92 m Xovmr llait mm sst I37 th« aetlM of tho lorco tttrte* 
lost Tortox at tbo 1»aaa of tlM ooao i^eh aoTod vfmtTmm tuttlX it aodo 
aontaet with tlia plpo rla aad foraod a Btmson taraar tjrpo njwo. Botvaoa 
Umm lisito mty eeusistMt roaolts could hm obtain^. Ska rav data 
tiara eoavsrt^ as ohoaa la appsadlx 1 into tbs fom plottsd ia Ouras IX* 
Oae ST two other o^Mrratloaa of tks astloa sf this flaaa 
should T)s aotoA. Xt aas obsortad tlMt at the iaataat abaa ths fUws Vlmw 
off* tho diffaraatial hMrf. across ths aat«rls« orlf laa 100700004 Ifr 
i^roKiaataljr 0*1 to 0*3 iadbos of aator dopoadlag v«»n tho rato of flea, 
fhis iadieatod ^lat tho bade prasmro caassd bgr tha fXsaa lots sufflcioat 
to retard tho flov bf that aaoiMt. 4ddltio»^ avld«>co of ^ pratsaoo 
of bade pfrasaura fr«i tho floao io sooa ia tho dirarcoaeo of tho strow 
prior to «itoriag tho floao shilo tho stonal dirergoaoo vithout bomlag 
io aaoh soallor. fhote^erapho 9 srd 20 shov this dirorsoaoo mxj oXoarlj 
tgr Mm path of tho oodco i«rtlolos iatredaood at odgt of tho otraoa. 
Itetograph 10 aao tdcoa ot a rato of flew sKpreatlaatoXjr half t2»at of 
Photograph 9 ^ offoot io aoro asdcjdl ia tlM slawar otraoa* 

AoodMr ebaarwatioa that aauld aot ba jdMtograpkod wao tha 
praoraca at tlaao of a tlagr vortex vioiblo in the tarbaloat rogloa 
tasMi^stoly dovastroaa from tho flaae holder In tho a?or of dM dMtc 
region mmma ia Ptetograph 9. Thia vortioe had tha ^g^paaraaoa of a ball 
of fire about a taoUi of aa laeh la thlekaaoe and twios am Xffisg ia a xw^ld 
flaw as if tho strsohliaos wore passiag around and tltroa^ a doui^haat* 
ravorslng diroetloa tvieo. 




Photograph 9 
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ISfsaPKKXMIKm 

»o«t •Igsifleaat iaforaattloQ obtsitMkl 1> t&iB ljn«all£Rtl9a 
em 1m r^4 from Oarv« XI* ttw pX«t of th« Blzittr* oMtpositioa wnmm 
tih« «f flov *t 1»Io«-off. %• flat eurfae* !• bma at enstea ta luna 
a parformtnoa iAaatloal vith that of tha aoncaro irarfaaa* am ahttarvatioa 
r— artcatla la alav of tha praatloalXf’ ualrarsal aaa of a coaeava 4o«a-> 
•trasB Kurfaea la fLaaa holdara. Coatrary to orl^iaal axpactatioa m 
tlaa haala of aqjOtX taXoci^ gradlaata fros tha thraa dlffaaant rods* 
tha peafamenaa of tha roaad-aadad f«4.aa« not a« coad aa that of tha 
othar tao. Sho Aiaareaaaa la svaatar t^iaa appaora at firat eXaaaa at 
tha aanaa to thalr flat alapa. finis for a glToa aiztare la tha 
Xaaa TttsfjB the rata of flaw at hXotroff tt(m flat aal aoneafo aar> 
faeaa is thlrtjr to titty paraaat graatar thaa for tha rooadad aorfaoa 

area thOQ,g^ tha earvaa Xla vaxy eXoaa together, fha flat ziatara of tkaaa 

f 

aarvaa ahova ahgr It asaaatial to abtaia aoeorata naasaraaMta of^flov* 
alaea a flange of the fhoX-to-air ratio from ala haadradUia to aavan 
haadredths aora thaa daatlaa tha rata of fXov at hXo%r-off. 

fha idaatltj of tha onrTae for flat and aaaaava sturfaaaa vaXX 
aei^rta tha tbaoxy that tita algalflaaat eharactarlatla of flow far 
stable boraiiig is tha TaXocitj- gradla&t in tha atraaa; and it la 
baXlarad that tha ptrt^tmmmm of tha rounded surfaaa oan also be axplaiaad 
oa the hasia of this ttnoxy. 

M lav rates of flov with tha rounded aorfaaa it was obaarved 
that tha fXnae did set origlaata from fjta outside radios of tha rod twt 
froa a palat an tha ourvad aurfaca math that tha dlaawter of ti&s tuba of 
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flsM th« sarfao* mui tlt&a the fall ra4ia« of the rod. Sm 

Fbot^nn^ 11. Srldenee fro« the pretaore prove eleo n^ports this eV> 
eernttion. due te the Xoeettoa of the jMiat of eeperetloa of flow 

the elee of the fleae holder wee effeetiweljr redaoed. Sm 7* 

Siace the Toleeitp- credlent le deterslia»d byr the area ever whi^ frletiea 
foreee aet to retard tiae flow near the surface, a rod of swaller radias 
would prodaee a hi^er v^elty ipradieat thas one of larser radius with 
ths sa»s rats of flaw, smmI thsrsfera we would reeeeaablj eapeet to get 
Vlow«off at a lower ntte of flew trtth a aealler r^ue. I^is is la 
aeeord with oVservatloas. 

Zf this wars the oaljr factor at wexte it eoald V« oaiQ^ted that 
as the rate of flow iaereased ead the poiat of seperatioa aoved out ead 
areuad the surrod sorfaee toward the fail radius that the perfomaace of 
tiM rouad ead should aore aearly a|iproae^ that for tlw flat aad eoaeave 
ends, ihis was not oVoervod. It mtsjr Vo that the aoourasj of the aeiMrare* 
■eats and the linitM reage retried ere act sufficient to show sueh 
a trend if it exists, Vut a plsuslVle cxplaaatioa cea also be tevati la 
the studT^ of Tslocitr gradients MroaaA a sj^sre, since the shape of the 
rounded fXaae holder surfaee was appx^xlaateljr hsaisphsrieal.. ^Tii^trs S 

Q 

after Ziodge sad ^^mq^oa ^we hew the veloeitr profile varies «h«o 
e stresA separatee en sueh e eurfase. ^ paint of separation la alwafs 
a point of soro veleoitjr gradient at the surfaee, but the slse of the 
reglea ef soro gradient is apparsntljr teo snail to held e flam far 



9» Sodge and 2ho^ps«i, yiwdd Heehanicts, ^MZraw&lll Sotik OoapKoy, Ine. • 
Sew Terfc jmd loadea, 193f • 
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«tbiasvlse oae aould alwigr* wii«r«T»r aepitTatlom o««urrad. Sik* mlooity 
Ct»Aieat* «urrGKuidia)S suc^ poinia aaai b« too groat at ratoo of flev 
to allow retoQtioo of flaoo. i^«BUitroaa fros tix« polat of teporation 
tboro it a ravoroa flow cloaa to tl^ oarfaea iMla ftotliar tvm tt&a war- 
faeo tha flow goat dowaoti^aa. Aa ladloatloa of tha oxiataaea of oaob 

a book flow oa tfeMt rema&od oarfaea io tiM ^unraturo of tha forward adga 

/I 

af tlwi n.Kaa la Photograph JS^ fha wsloolt^f' gxadlnt aaar tha «tvalapa 
aaelosing this rwraraa aidy aauit ha aoeh graater thaa It tanxld hara haaa 
without tha rararaal of flow. ^3ms asothar faetar taadiag to prodoaa 
a hitler valooit/ gradlaat far ttxa aaae rata of flow it aaaa to ha at 
work. %ha affact of thla rcnraraa flew inereaias with t^ rata of flaw 
' h a aa a aa the rerarsa flow is dirasted aora aaarljr iq^troaa as tha aapef 
ratlaa palat aaraa toward tha fall radius and aaaawhlls tha aagaitudaa 
af tha wsloeities of tha aala straaa eM tiie ^idc flow hath laeraaaas 
whila tha flrat eausa* affastiTo daowwtfa la dlaaatar of flaae holder* 
daaraaaat with iaeraaaad rataa of flaw. How tha two affaata halMca 
eat eaaaot he surely said frea thasa aaaaureasats hat tha ladieatlM is 
that la this flow raags tha rata of iaereaaa of oaa la ahoat offaat Igr 
ttio ratoa af dasrassa of tha athar. 

The a«ae type of haek flow «cists with tha flM and eeaoara 
aarfaoea as with tha roaad ona axMpt that tha Wak flow aoTar oaa yalmt 
i^atreaa oaar tha aaparatios anralopa as with tha renad aurfaoa and 
tharafora affact should ha laaa serara. For tha flat aad tha Moci- 
am axt^a at #iihh ^a two flow* oould aarga is alaety dsgsass. Saa 
Figaro 9 . Jhotogras^s iadlaata tha exiotanee of thia flew hgr tha saea 
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•oTV&tor* sA ttM l«aAla(S ef Mm Pva«tle«Il)r ld»ati«»l 

m%i«M ma* tmAm for tko «oat««« otrfaiM* i^ioh iadiMtoo filial %b« took 
tlem «NM% «8t h«vo kOM olroKlatSac ImI: iaio Ibo eeaeafll? mA 
^caelloollf' p«nU-iol to Iteo aata 9%rmi» $m mi^% \m cKpooiod* kol mmI 
taro taoa iolcita <kmm ooek eooroo oo dtawi ia l^iftao 1U3 tao to m yoctat 
Of aero or looo otodtaftt otr im Uio eoaearil^. Skio oeoiLd taq^loia «ta 
it tatared oxaoUjr os tta fWt ORiod rod* 

fta otart olooo doseriptiws of tta taMe odlsr flow ooas ot Os 

sold witii oortslBl^ to tars eooarrsA «s 4ssorita4 tat ttars It orldoaos 

12 

tnm tta statac>n@ta, prMMrt parota* «od rtstal otaorralioss ttat sooli 
flows did emssar. Oo ttat tasis it is roosotatlo to ossoao ttat with 
« lMTg» e&mam tlmm taldor mA iriLth M^tor vsloetttoo Ita oddjr flow 
tai^t olrcaloto ttaaotJi tta ooasaritjr sad oaorio olaost iwroUol to tao 
■oio flow tdtli ooasldorsOlo rolooltj' ttat rodaelag tao wolMltr grodiost 
sad rswnllita io a tattor flsao teldar ttan * flat aad sf tta saas olso. 
M oow re r» tMs aidkt prod ao s o aors sswoare rslocttgr evsdisat withla tta 
oidf addHt^ tta itarforswBos worso. tSois'eoeioetaro too ta sottlsd soly 
%gr oaroftil imd det&ilod iavastigstioa of sata o flow. 

woloeita grsdlsats at %lo«»off wore set rtaortod for tta 
toascm ttat tlis^ ootid aet ta dotocaiaod. la tiio wofit of saot wortaro 
la tta tasson taiaor ftold oalj^ laalaor Hw was isaed sad for ttat 
aoaditioa tta* gtMUoat osa ta foaad m followo. fta waloalij diatrltatloa 
la tta taasdMrx laysr of a flat plato for Xsataor flew lo giroa ta 




12. For further evidence from the water table about the flow in the back 
eddy, see Addendum No.l, p.35» 



27 



ybavm » is kte YeXooitj at aajr polat, V !• ▼eloclt; la tka fra« 
•tr«aa» y Is ths <ist«aes from ths flat pXat«« <T la ths total bkldCmMS 
•f tea teaadaxy Isyey. S'or a pip* this V aan he tak:«ei as the aozlasM 
seloeliy la te.« axis of t)» ?l]pe slaee the shale flov is honoiaxy li^'av* 
awl S soyraepM^ to the ra4ias of tea pipe, ^ffarwitlaliae with 
raapaet to r, «o4 taldac the llait aa r apparoaehsa S, the redlas af the 
ftpa» Oflba ootaiM tea eratlmit at tea sorfaoa of the pips: 

11a (• *1 ^ * 4 f 

r-sS V 7 Ti3 

lAare ? is the 'fOlsMi rata vlte tlaa« A aiailar eparatioo will jrlalA 
the Tslaa of tea rata of ehasca af Tsloelty vite r fn aa assttlar apaee. 

Howarar, la tea ease of a tarholest hooadarjr layer tea ax* 
prassioa for the diatrltetioa of ralocity i^th fiataasa it 




teiah flffaraatiatas to saro^ Aeeordlae to thia ralAtim the rata af 
ehaaga of raloeity with diatsaaa froa the vail la sera at tlM mll» 
a aaaniagleas atatsaaat far thia pm^tlaal prahlaa. Htear tea ahara 
nlatioa for raloeity aad diataaea deas sat s^lf aawr tee vail* or 
tea palttt at teldh tea cradiwit la aieixlfieant far parpoaea of tela 
Iwraaticatioa la at aoea aanll ateaawa diatax^ raeor^ frost tea vail, 
i^teott^ the aetasl valoeity ipnudiaat easaot ha detemlxted for thia 
aqpariaeRt It aan ha aafaly aaid that for a flTea rata of flaw la the 
i^jipsratas used the valooi^ eradiaat will ha tea aaaa far all thraa 
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flam holiora wwcpt ma motmd tar tbs xvaaiad awefmaai aaA, to rapaatt 
It Is tha aaas»Tativa psTfonutsst is sos£|St« sot ifets a^^lsts ps^ 
taraaMaa* 

Tha taasparatura maaurmtaata prOaaatad. is Otunm IXIsiXS css- 
fsstsi of iBsoosrssiss €aa to istMtso iisot cs tl^rsocca^Xs flttlscs* 
loss siijpoears to hl|jh ts«i«raturs» rsdistios orrers* s«d ths protstlIit3r 
tlMt yio prsssass of ths thorsosouple alters strocturs of the flaam aaaa, 
ikmatar^ tha iaatbataa mra cadoubtsiljr ap^iroxiaatsly sorrost and s^ov 
Asfisitel^ tkst prasttsalljr sU tlis tsnpersturs riss OMurs la a Tssy 
asrrov sobs Xoostsd spprsadaatsly stisrs tha lusiaoas flasss soss Is 
loosts4« ^rs is ssSouMsdly aama tssperaturs rise s2sss& of this aama 
hat ths oBouat of rise or its sstsat is spaes is sot roliably skova In 
fls Tf s XXI. ^"hs low tsMpsratuM rsi;ioii issas&latsly 4ovsstre«s frea tlw 
Ham holder is prohsblj the prehsistsd sixtore that hss passed thros^ 
the flsae seas withoat haroiae sad will later esMur^e »d bora seer the 
esvelope t^rs tha terhslent regios seetc the free etreas. he ^oed 
esplenstioB it gisss for the esmler re^oa ef hi^ieet tesperatare mar 
the Vase of the soae. 

^3m preeeare probe of the fleas regioa care uareliabXs rsealta 
dss to the fast that the e^sipeent eould sot eithstasA the hl 4 ^ tsspsrs* 
tore and that It distarbed ths straet\irs of ths fleas. Aleo the sesnlug 
ef iKipest preasare ie aot oleer slass there Is uMertaiatr ra^sarding 
the statis pressore dletriVotios la tt» reeetioa seiMi. the oaXjr rssacas* 
bXj olsc^ fast amarglag frm the preeaare probe ie that is geaeral the 
total pressure Is ceaeihet leas devastreos froa the fXaae coae them 
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i* rvs i>«rallel %o IH« fl«a» troat. 
nils 1* i« itee*r4 wilh th« previous •l»«nr«tlQaa th«t a WueS; 
prMsora «&• «r««ted Itsr th» »M%asfclon r»aation tiut r«tard«4 ths flov 
•■d caaMd divf>r£«i»« of tbio of th« psotmiv* 

li to %• d»« to tbs roaetioa foroo tvttm tbo scpaa&iag «ad m* 

oolor&tijv? at it imaooo throts^ii the bi{j(i t«Bp«ratar» gradient in tie* 
flnno eon»« the eoanpeneat of this foroe pwrallel to the flev fredneSnc 
reterdntion end the nonMl eosponont prodoeing direxsgenee. %e ^aoetlen 
erieee vhether i/Hua preesiur* drop eerets n fXane sene se often referred to 
as the *Ioes of pressare dee to twming* hr eenhoetion inrestigeters in 
the Jet field is a reel loss or esljr an apparent loes dae te the heek 
fMreeeare ereated hr homiec* 

feat that the flaaee origlBatee sene dletaae* f ren the eteel 
fleoe holder rather Uian at Ite sarfeee is Interpreted to he en indloatlon 
ef fnenehing hr adsorptlom of the ectlr# specie end hr oeollng* Ihte 
aetion It heliered to here aesdi eigaifieftnoe in the fliuee holder preoase. 
It will eurelr lieit the else to lAieh flane holders eaa he redieed for 
shea the tetel tnrhalent region is within the dieteaee ef total qnenehlng 
as flane eon poeslhlr he retained, rhrtbemora it t^eare froai the 
oheervatioxs that the qaeaohiag dletaaoe inoreaeee with isereaead flew, 
exeat eo^lanatien of title ie net at present eaderstood ojed a fhll 



Id. X. r. fiook. *OMhastiea 3«eeereh**» Qheaiea^ Beetereiinf for ^ftwdse 
Seeearitit* Xd. hgr end Groesitt laWrsoliwtoe ^^nhlltitors. ina. « oinTTesic. 

and d. ros £lhe sad M. Keatser. "farther Stodifts of the Straetare ef 
Hamer Usaiee.^fhe Jenraal of Choaleia Ptarsioa. ?ol, 13, 19*15. 



J 



•HM 






«i m « 4M m I 



• I 



• # 



4f m 










30 

AMcrlpbioft of teraiac easaot b* baA* witiMut tha.% wader- 

It ^tool4 •b««XT«A tbAt with ratM of flow •• low tiuit 
tlM «ad of tfe« fi«M holier heoo— hot tlu flam mm aftor a loi^ tiaa 
hnraii^ wOMli haak iq> «v«r the ait* of the flaao holier and hone ee to 
the hot erliodrieal aorfaoo. iftar thoo heating the roi furtluir It 
would eoatijako to oroof i^otrooA holae aaohoarad tgr ^o hat owrfaeo of 
tho rod rather thaa hr tlM tuxhaloat rofiloa. fhio how taorporatora 

affoeta tho fuanohlas aetloa act how iaportont qeoaAlng it to tho oatloa 
of iha flaa». 

In vlow of ito i^portaaoa a triof daoeriptloa of tho ohoaloaX 

kiaotioo of tho ^aan^lii^ oettoa io siT«m. %droeorhoa a»d oig^soa aelo- 

aaloa do not roaet diroetly ia tho ooahastloa proaooo hut g* throoih 

a oorloo of otopo lavoltlag froo radlealo. A tTpiaal hrsaehlai ehaia 

11 

aerlao laadiag to ai^looioa Is clroa. Bata ttia iidtiatioa tr a froo 
radioal. 

I>«-0g * OH-t-0 

Iho prodheto of titlo roaetioa thoa roact as follawa 

OH + Ig • Sgt + B 

0+1 » oi+a 

Shit 0 H thoa roooto with hardr^EM 

Oa + Hg = HgO + H 



11. von Elbe and Lewis, The J ournal of Chemical Physics , Vol.lO, p.366, 

I9U2. 
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this s«t1«s or steps net esly the erl^lAel b7dxso«rhon ete« 
rsMlns livit also two nore h^ds^e&rhsMi in aMltisn to It, nil nnpehls 
of Initi&tii^c n amir ehein shiOk in tttrs hraa^ss ngnin. If this prsasss 
muf to oeatlnne tmehseknd ttw i^xtaro wonld sa^lode In n nettsr of 
nicroseoonds« Ml the brnnshes and the orlglnsl ehMn aaa be vappvmtaaii 
sufficiently mpift Anln brsaihiBs procsssss* One of the neagr iMys in 
lAlcb this nay be dUme Is by the preeense of e third body* either an 
inert aoleettle* n veil* or aaj good aeoeptor ef energy. Zn tlw preeenea 
of n third body* M, the followiag reeetien oo<mr 

H ♦ Og ♦ h * 1 Og ♦ » 

She third body nets in this mestion to aooept the bead energy relenMid 
with the uMen of S end 0^ for nMess that energy eaa be dissipated 
tiie H Og particle fU«i einrt after n Iwief iaterml. the Inet 

rseetloa oeeom the ehein is tereicen by the renowsl of the ehsin eerrier, 
S. Shis Is ens wsy in idilch n wall eaa lid^blt n reaetioa. Jimiiiax 
way is by absorption of ths netlrs species. te tbm wnU shers th^ renet 
ibth o^ter radienXe and beoone nentrei than braMdcing nere ehnias. 

She antar* ef bbe snrfaee effects the apienedidag propertiee 
frefosndly, & feet that nekee snrfeee treatemt a nweeaably pronieiag 
field for pronotiag eeabnstlen aeaur mrfeees* 
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coscLimioa 

SsaiMjy. from Um of %hm M^abtAlat of oMbiutioa in iho INmmhi 

tem«r, 16 e^ptutrod that Vb» e:^tl«al oharnetarlclie of flow for «tn%l« 
flaMW waa 6Hc wolooitj enMvnt bot<4»es the limited end nal^iited see. 

Aa egqperiaieni m» thee perforeed to detonlno i^thor three dlfferentljr 
(riMtped flaae holder* weald giro the ease p^fomuee If the velooitjr 
crsdieat were held eenetaat* The flat aad coneawe dowaetreaa serfaees 
caw* identlosl reeultet the healepherleal sorfaee cce* poorer perfeimaeeet 
hat It me deteralDed that for thi* ease the releeltp |^radl4R»t had aot 
hewn held eoneteat* sad aa Mcplaaatlon of the perfomaaee iarolTiac the 
aaweMst *f the poiat of eeparatlon of flew hae been slron that la la 
•ooord with the ^eorp of welooltp gradients^ 

A plettare of the flaae hoXior BeehaalM a* dateminid from 
thlt lareetigatioa la flwea la reriew. A torhaleoit regloa it ereated 
dewastrea* free the flaea holder tdiere ooetmitlon la p r ee otod hf the 
lew ralooltsr aad turholaaea aad lahihltad la the lasrara adjaeaat ta 
the rimo holder hr the t^aaMhiag effaot of aatal wall, ^f the 
gredleat of ralocltp hatweae the hamiag ttirholant raglaa and the «rtaide 
free atre^ la met tee great the flaea will apread radially predasias 
aa lawerted o<mo tdioae rertaac la twice the Mgla id»>ae taagaat la tlai 
hamiae reloclty dlrldad ty the gee aaloclty. The haraiag reloelty 
dapaoda prlaarily i^a alxtara, praziaity to a waU, tarholaaoat aad 
M<K>adan3y t^oa praheatlag aad o^ar rariahlea. The eoaheetlaa raaetioa 
la eeapletad la a wary short apaea, laaa than 0.2 iaohea la ^la 
axperlacBt* aad a tmt hl^ taeperatwre i^radleat «ciata thxoxi^ thia apaea. 
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nw fltf39 naetloa crmA^m m prmmmrm i^oh fttseim tlM flov UiA 

OCSKMii th« ctxwNi W dhixA *f tb« fUM. th« total fnNiaiuni 

doiMtroaR fvm tiM fUsm la lower thaa that elMwa it V m arkaowa 
aaetSRt cad tor raaaoaa set claarly Icnawa. 

Haitctlowa o^ tha Voric aad SajEgeatioaa for yartbar Igtaatl^tlaa* 
l!ba lloitatio^ui of thia atody era aanifold is tha raapaet that acagr of 
tlia Ix^irtaat Ttirlahlaa ooold aot ha aoxa tharaa^lhl/ lawaatigatad tea 
to laeiE of tiae or a<{alpMat. Priaaij saoag the cliiihtad faatara axa 
tibarottjE^ cad aaeirata taaparatsM and i^aaacura trawanaa, wittoat ^lok 
tha i^fxi^lata ptetoTo of tha flma aacdtealm oca aanrar ha waxtwd oat. 

A larea:* tltsm holder wonld have clapllfiad stakia^ theca trararcaa alM# 
•■all dlattirhazie«s af tha flaaa atmetera wo«ld Va lacs iapertcAt la 
a Imrgo flaaa, hat tlM tMparatarac <»aatltata ca teavoitehla 
prahlaii. A thoroa^k apaatroseopie aappiae of tha taaiparatara aoalA ha 
far caparior te ejgr ihataoeenpla aaaaaraaaata aiaaa there would ha ao 
diaharh&ftoa to Uia flaaM and ao aarfaaa affaet. Praasora trarasaas 
aoulA he mmSm with a carp fine steal ispeat taha. Witit a Icrgar flwa 
holder also tha ^ilierws aathed mtsf tall aora siAca Mi^ Talooitias 

■ll^t be obtained with a larear iaaloa to aoahla tha aaldlami ta pl^ 
tha exeat flow pattara areoad tha «id of tha flaaa holder. It alfht hare 
haaa rara«^BC te here tha raaainter af tha aixtara«<iiaraaa-flew at 
hlaw>off carwaa, hat for oaaparlnc the three flM# haldara it doaa aot 
aaaa of prlaaxy ini^rttttaa. A thoroa# atud/ of tha haeh praaaora af 
tha flsaa &a a fasatlea af tha flow rata axO. honing rata aaald ha cate 
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fsirljF uimj^ if tim» «iUl slMcdd 1 m rmxy lafmxmm.tlTt, 

0a» 0 t the aMft mm 4«4 i« e mmum «f tvseistg o«^t 

tlM ttmeftllxMi «f flow tbroai^ tlM r*eioft is « MSitcr sisilur 

to aapidog of too Hamm tlma Iqr S««i« and ram Slha, Sttri«£ tbo 
^Mat Ixmstidatloa ropoatod attwpts wevo mdo to vmari fkaUtge^^mllf 
tlM traeka of iUvslttatodl partialm of t&XeoB pov&tv^ and aaCMMln ««r%oaKto{ 
and* aXtlumid^ m U^t soaMo of approximtal^ f<ndr adllios Itnms wm 
idaaad altlkia aix l»^aa of tAia atraas* tl» patha ea<iUl4 aat 1 m raooriad 
i^tk aaailakla phofgrajdiUt aqalpMMt at tka ToXoeitlaa af iataraat la 
Mm iirraaticatlaa. It aoolA ba a utax^ aaact stop ta balld a lari^r 
flam boldaa' aajMbla of barmiae at kl^iar ▼aXoeitiaa la orftar to aaa if 
tiM flat aad ooaoaaa aarfama slva tha a aaa tMtalta at liigbar ralocltiaa. 

9ba aaradsraaaio ^faat of tha daaiga of tha apatraaa aarfaea v^aa TaXoaltgr 
efttdlaat ead tha yaaaltlas parfaraeaaa Mioold ha ianraati^satad. Aloe 
tha affaet of tha ^rpo of flaw ia Mm ataaaiB mpm- tha flaaa haXda^r eheald 
ha ataddad. 7er iaataaoa, la a thlolMr hoaadaxT' Xarar ud hattar par* 
tormaaea obtaiaad aiiaa tha flaaw haldar ia plaaad ia a dlTerdiss atraaa 
nthar of a eofuitant araa or a aamrax^ns attaaal i^t ia tha affaet 
af Itttxodueias fuel lata tha turbttl«tt ra^loM la Mta mka of tha flaaa 
holder rather thaa apatravi from itf Ohvioasljr, the frailm of tha 
thaorr of tha flMa holder has oalr haaa opaaad la this larasti^tloa. 



55 



xmmmjn iKi.i 

fVxrih»r «yid*ne* ilt«i tk« knek la th» fevrtaiXaat raftlaa 

9t ik« odaasva SXmm hol&cr dl4 aot eirettlal* Miroa^ tk» aoacsrltx wu 
akiaiaai. «a1>«a<|A«al to tk« mxpmrlmm^s ptwl<m*ly easarikaA faroa th« 
watar aad ®>aatmet»d at tka Tiasaaalaar f9tir^9dbmi* 

Zwtltula tr Maatnaat OoMHtaiar lekart A. I^oa^aoa, 9.S.*>» a»A 
£4a«tattrat Cawwailar i^varA a. i^Ha, for a iatailad Alaaaaaiaa 

af tka aaii^a^ of aatar flov ta air floar aaa ihair "Dia ^^kaa« 7 » 

CaMtraettaa* sad As^plIaatifHi of lha «ater fakla.* fim flm m tkla 
ta14a ta ttia Hav of a «aa Itanrljai a ratio af apaaifla fcaata 

a^^Ml to 2»0* and to aarfaoa faa« fraa tka nattiae agaiit isiaaa 
a aoa&exfki rlaoai p5ei«r« af alaaat aiigr daatrad flaw 9 fttt«ra. 

a wood aadal af tiui oaaa aiia«4i aa tka apoaa aaatlMi of 
ilia aa na a wa flaaa holder aarliar icwastl^tad* fl^ raa^lae fraa 
a Maeii loahar of praatlaally taro to a Koah anahar af afp^talaataijr 
thraa wara ohaaraads aaft it waa fwaad that %ka aala torhulaat ad&laa 
did aat oatar tha easMaaltjr at atgr tisaa* ^Ma c»rraap<»ida to flow 
without ig^tioa araoad thia flaaa holdav* 4t law Xaah aiwhara, talaw 
ahaat tewm ov al|^t taaths, tha addlM i« tha mho «^arad wary altd^ 
lar to Ikaaa htiiiad a flat aarfaeof and at Mdhar Maak laiaKhara tha 
addlaa flattaned aloac a wwry 21at atrai^t line parpaadlealar to tha 
atda at7««ft frem e«a dowaatraaa tip to tha ethaw. aadl* ai 
tha addy ooznreat aargad with tha fraa atraaa waa at all tlnaa wary 
aaarly airsotir dagraas. fha flow wia yvaotlaally idaatleal with ^ 



fl9m 4M«erib«a tm prebal>l« Hi l4el«!PtA i* ftemm 10. 

iKla Um *»%e&nuA yigi H * mm •WcrvaA* tei« ils* asia 
flov mid csM Qj^traMi twm Hja of lbs flmm iold«p* 

tide sMHui iSM% Vbm mmrnim fXsam J»l0mr «cml4 b* 
to ei«e Ideatlocl f}M fUmm bs^iMm mmm 

all mm&m mS veXoeH]', Wm «elgr alHdfl^aBl tmtar $A^% 

Im Vhm% %be offer* « 1 hh>^ low 

roloeili^ HTlalORi rtfi^oa %m vmimSem Ahh Qmtk m flab «a$M 21 im» 
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AIR FLOW 



A« 



Record of h In Inches of water across metering orifice at 
instant of blow-off with lean mixtures 



Fuel Pressure = 2.5 Ib./sq.in. 





Concave 


Round 


Flat 




0.13 


0,13 


0.13 




0.13 


0.13 


O.lU 




0 .l 4 


0.13 


0.13 


Total 


oTHo 


0.39 


0 .U 6 


Avg. 


0.133 


0.13 


0.133 



Fuel Pressure = ^.75 Ib./sq.ln. 



Concave 

0.20 

0.20 

0.21 

0.20 

0.12 

0.20 

Total 1.19 

Avg. 0.192 

Total 

Avg. 



Round 




Flat 


0.12 




0.19 


0.12 




0.20 


0.12 




0.20 


0.19 




0.20 


0.19 




0.20 


0.20 

0,20 


Total 


0.99 


0.19 

0.12 

0.19 

1.22 


Avg. 


0.192 



0.122 



A. 



Fuel Pressure = 8 . 7 '') 11 ). /sq in. 





Concave 




Round 




Flat 




0.28 




0.27 




0.30 




0.28 




0.27 




0.29 




0.28 




0.24 




0.29 




0.29 




0.27 




0.28 




0.30 




0.28 




0.29 




0.28 


Total 


1.33 




0.29 


Total 


1.71 








0.28 






Avg. 


0.266 




0.28 


Avg. 


0.285 






Total 


2.30 










Avg. 


0.287 



Fuel Pressure 



15 Ib./sq.in. 





Concave 

0.45 

0.45 

0.44 

0.46 




Total 


1.80 


Total 


Avg. 


0.45 


Avg. 



Roand 




Flat 


0.42 




0.43 


O.Ul 




0.47 


O.U 2 




0.45 


0.42 




0.45 


0.43 




0.45 


2.10 




0 . 4 ^ 


0.42 


Total 


2.70 




Avg. 


0.45 



Fuel Pressure = 24 Ib./sq. 

Concave 

0.75 

0.83 

0.79 

0.78 

Total 3.15 

Avg. 0 . 7^7 Total 

Avg. 



n. 



Round 




Flat 


0.63 




0.75 


0.68 




0.79 


0 . 6'5 




0.79 


0 . 65 




ojl 


0.64 


Total 


3.10 


0.65 

3.90 


Avg. 


0.775 



0.65 



A -3 



Fuel Pressure = J >0 ll)./sq.ln, 





Concave 


Eound 


Flat 




0.97 


0.85 


0.94 




1.03 


0.85 


1.10 




1.00 


0.8^^ 


0.97 


Total 


3.00 


2.55 


3.01 


Avg. 


1.00 


0.85 


1.003 



A -4 



Record of a d lo inches of woter acrosa metering orifice at 
instant of blow-off with rich nixturea 



F^iel Pressure = 
Fuel Pressure - 



Fuel Pressure = 





Concave 


Total 


0.060 

0.065 

0.070 

0.065 

0.2W 


Avg. 


0.065 



Fuel Pressure = 



Concave 

0.11 

0.10 

0.10 

0.10 

Total O.hl 

Avg. 



2.5 l^./sq in 

5 Ib./sq.in. 



8 Ib./sq.in. 



Hound 



0.075 
0 075 
0.075 

QJUl 

0-300 

0.075 



15 lb /sq in. 





Round 




0.115 
0 105 
0.110 


Total 


0.320 


Avg. 


0.110 



Wo reading 
No reading 



Flat 

0.065 

0.065 

0.065 

Total 0.195 

Avg. 0.065 



Plat 

0.11 

0.10 

0.10 

0.10 

Total oTTir 

Avg. 



0.102 



0,102 




1 



Fuel Pressure =» 20 Ibc/sq.in. 



A -5 



Concave 


Round 


Flat 


0.15 


0.15 


0.15 


0.15 


0.15 


O.IU5 


o.iq 

Total 0 .i <-5 


0.15 

0TC5 


04^ 

0.45 


Avg. 0.15 


0.15 


0.15 



Fuel Pressure * 2U Ib./sq.ln. 





Concave 


Round 




Flat 




0.190 


0.23 




0.195 




0.200 


0.22 




0.19 




0.195 


0.215 




0.13 




0.190 


0.23 


Total 


0.575 


Total 


0.775 


0.895 


Avg. 


0.1916 


Avg. 


0.193 


0.224 







Fuel Pressure « 30 lb./eq,ln. 



Concave 

0.29 

0.29 

0.29 

Total 0.87 

Total 

Avg. 



Round 


Flat 


0.36 


0.29 


0.36 


0.29 


0.355 


0.29 


0-365 


0.29 


1.44 


1.1b 


0.36 


0.29 



0.29 



Avg. 



a-6 



Fuel Pressure * 35 


Ib./aq la. 






ConcaTS 


Round 




Flat 


0.375 


0.53 






0.385 


0.525 




0.39 


0.38 


Total 1.055 




0.37 


0,38 

Total 1.52 


Avg, 0.5275 


Total 


0.38 

lil^ 


Avg. 0.38 




Avg. 


0.38 






V 
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FUEL FLOW CALIBSATIOM 



Record of tlaee required for one pound of fuel to flow through 
burner for a given fuel preeaure in the fuel line . 



Fuel Preeaure 


= 40 


Ib./aq. in 


min. 


aec. 




aeconda 


4 


47 




2 S 7 


4 


45 




285 


4 


45 




285 


4 


50 


Total 


290 

1I47 






Avg. 


286.7 • 



Fuel Pressure 


II 


lb. / sq. in 


min. 


aec. 


\ 


seconds 


5 


08 




3O8 


5 


06 




306 


5 


12 




312 


5 


10 


Total 


_iio 

1236 






Avg. 


309 



Fuel Pressure 


= 30 Ib./aq.in 


min. 


sec. 


seconds 


6 


07 


367 


6 


10 


370 


6 


10 


_H 2 

Total 1107 



w/aec = 1 = O.OO3US 



w/eec = _ 1 _ = 0.003235 

309 



w/aec = 1 * 0.00271 

3 ^ 



Fuel Pressure 



24 lb./»q.in. 



A-3 



lain. 


aec. 


seconds 




6 


40 


400 


w/ sec = 1 = 0.002415 


7 


08 


428 


TO 


7 


00 


420 




6 


48 


408 






Total 








Arg. 


4l4 





Fuel Pressure 


= 20 


Ib./sq.in. 




min. 


sec. 




seconds 




8 


35 




515 


w/sec * 1 = 0.0020 


8 


05 




485 


500 


8 


03 




483 




8 


37 












Total 


2000 








Avg. 


500 





Fuel Pressure 


* 15 Ib./sq.in. 




min. 


sec. 


seconds 




9 


55 


595 


w/sec = 1 = 0.00166 


10 


05 


605 




10 


01 


601 








Total 1801 





Arg 



’6oo 



A-9 



Record of time a required for one half pound of fuel to flow through . 
"burner for a given fuel pressure in the fuel line . 

Fuel Pressure = 8.75 l^./aq.in. 



min. sec. 



6 

6 

6 



07 

05 

10 



seconds 

367 

365 

-HO 

Total 1102 



Avg. 367.3 

Fuel Pressure = U.5 Ih./sq.in. 



ir/sec 



4^ 

WU3 



0.001361 



min* sec. 



7 

7 

7 

7 



46 

50 

45 

40 



seconds 

466 

470 

465 

46o 

Total 18^ 
Avg. 465.2 



w/sec = 0.5 = 0.001073 

465.2 



Fuel Pressure = 2 Ib./sq.ln. 



min. 


sec. 


seconds 




8 


47 


527 


w/sec * 0.5 = 0 


10 


05 


_6o5 


5^ 






Total 1132 





Avg. 566 









I Air ngy 

%9 *lil»Aor3r Oylfl«« i%Uri« an4 tfae 
OMk«tfi«0H«%, itmA for luiiorlBC •> 19 ^»* pol3llclk«4 

ly iLUmi» Moo to Korto 



Thm «3^rooal«m for tiM toIimm rot* of flov i» 



vhoro ^ 

f 

« 

c 

A 

1& 



r le e * ifsTk 

•cM^r««tt%tUlQr 
oolooils^ of o^^^rooiiii footor 

«OOffU^«Eli of 
tlorMtf «roa|ia ft.^ 

MiforMA&oI %ioo4 i» ft. of MMomroA 
fltttA (^Mitloow «t o^tTOM tig^) 



OrlfiM Aioootor 
Ftp* 44«Mt«r 



« 1*53^ tocAoo 
• 5«0D tadboo 



pipo AtoMitor 



1.5^ 

5*000 



0.5105 



tooiMioc Ititet Mm «Tor»^ Ttlooii/ aurioc tte «Ep«Ho«it vill 
W 73 ft./ooo. o»i t>Mt AoMlt^r *»A oloeooilf of tho ocwteotioo 



A 

.Mil 







!»• 






% 



« m 







• f 

-t t 

-► I 

4 I 

1 ^ 





»-2 



(h* v«lt3«i »ir« 

^ - .oTesixT-i^i.-sn - o.o5*j«vo‘ 



6 

U* /3 • 0.5103 mA Sg » O.S5«2x 10 , ttm am tsU» 
ia«» <6 of tfe« paUi«fttlo»« 

I K SO a» fo9 lin« «rlfU* tt»«4U 

AitfwmXlml ««re»« t}i« !Mt«r ««• a^^rtaciiiatsly 
ttas ina^n «f lmw« 

v^inNM ^ 

^ teWMttMCM 
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1U4 
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Ux0.0T^l 



©r 



Ah 









Xd m Ah 



*• oosfwrt * 

li|r ^ AMMttgr im 1%. 



ft%? • 



to W^* 90 » 

0.OT^1 
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% 
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Taliulatlon of Coaputatlons for tho Round - and Rod 

Object: to obtain values of Q at blow-off for various values 

of wf/w^, fiisl-toalr ratio. Explanation of symbols and method of 
computation is In foregoing pages. 



Lean Mixtures 



^f 


A h 


Ah 




\ir 


^fuel 


"^total 


lb. /in.* 


ln.H20 


ft. air 




ft.^/sec. 


ft. 


ft.^/sec 


2.5 

4.75 


0.188 


12.3 


3.51 

4.24 


0.225 


0.00712 

0.00898 


0.233 


8.75 


. 0.266 


18.1 


0.272 


0.01146 


0.282 


15.0 


0.42 


28.6 


5.35 


0.343 


0.0148 


0.358 


24.0 


0.65 


44.2 


6.65 


0.426 


0.0198 


0.446 


30.0 


0.85 


57.8 


7.60 


0.487 


0.0231 


0.510 





w/ sec 


w/ sec 




Ib./ln.* 


air 


fuel 




2.5 




0.00085 


0.0622 


4.75 


0.01725 


0.001073 


8.75 


0.02085 


0.001370 


0.0657 


15.0 


0.0263 


0.00177 


0.0672 


24.0 


0.0326 


0.00237 


0.0727 


30.0 


0.0373 


0.00276 


0.0740 



**90 







^ wi m * t*i4> 




Rich Mixtures 





A 4 


Ah 




Q , 

air 


% ^ 
fuel 


*^total 




in.HpO 


ft. Air 


■J Ah 


ft.^/sec. 


ft. sec. 


ft.^/ sec 


8.0 


0.075 


5.10 


2.26 


0.145 


0.01095 


0.156 


15.0 


0.110 


7.48 


2.72 


0.16s 


0.0148 


0.1828 


20.0 


0.150 


10.2 


3.16 


0.2045 


0.0176 


0.2221 


24.0 


O.2U7 


16. 8 


4.1 


0.263 


0.0198 


0.2828 


30.0 


0.360 


24.5 


4.95 


0.317 


0.0231 


0.3401 


35.0 


0.5275 


35.9 


5.99 


o. 3 s 4 


0.0259 


0.4099 



P 

f 


v/ see 


w/seo 




lb. /in.* 


air 


fuel 




8.0 


0.0111 


0.00132 


0.119 


15.0 


0.0140 


0.00177 


0.1265 


20.0 


0.01565 


0.0021 


0.1341 


24.0 


0.0215 


0.00237 


0.1177 


30.0 


0.0243 


0.00276 


0.1135 


35.0 


0.0294 


0.0031 


0.1055 



B-6 



Tab-glatlon of Coaputatlons for the Flat-end Rod 

Object: to obtain Taluee of Q at blow-off for Tarlou* values 

of wj/wg^, fuel-to-air ratio. Explanation of symbols and method of 
computation Is in foregoing pages. 



Lean Mixtures 



^f 


A M 


Ah 


lb. /in.* 


In. H2O 


ft. air Jh~h 


2:5 


0.133 


9.04 3.01 


>+.75 


0.198 


13.42 3.67 


8.75 


0.287 


19.55 >+.>^2 


15.0 


0.45 


30.60 5.53 


2U.O 


0.775 


52.70 7.26 


30.0 


1.003 


68.20 8.26 


■"f 


w/sec 


w/sec 


lb. /in.* 


air 


fuel 


2.5 


0.0147s 


0.00085 


U.75 


0.0180 


0.001073 


8.75 


0.02165 


0.001370 


15.0 


0.0271 


0.00177 


2U.O 


0.0356 


0.00237 


30.0 


o.o4o6 


0.00276 



*^ir *^fuel '^otal 



ft.^/sec. 


ft.^/ sec. 


ft.^/ sec 


0.193 


0.00712 


0.243 


0.235 


0.00898 


0.283 


0.01146 


0.294 


0.354 


0 . 0 l 4 S 


0.358 


0.465 


0.0198 


0.485 


0.530 


0.0231 


0.553 



0.0596 

0.0633 

0.0672 

0.0666 

0.0620 



1 



f ■ 







»• * m 





«» 





S; 










Rich Mixtures 





/>i h 


A h 


Ja h 


\ir 


^fuel 


\otal 


Ih./ln.* 


in.HgO 


ft. air 


ft.^/sec. 


ft.^/ sec. 


ft.^/ sec 


15.0 


0.103 


7.0 


2.5U5 


0.163 


0.0148 


0.1778 


20.0 


0.150 


10.2 


3.19 


O.20U5 


0.0176 


0.2221 


EU.O 


0.1916 


13.02 


3.61 


0.231 


0.0198 


O.25O8 


30.0 


0.29 


19.7 




0.2845 


0.0231 


0.3076 


35.0 


0.38 


25.85 


5.09 


0.326 


0.0259 


0.3519 



Pf 


w/ seo 


w/sec 


w /w 


Ih./in.* 


air 


fuel 


I a 


15.0 


0.0124s 


0.00177 


0.142 


20.0 


0.01565 


0.0021 


0.1341 


24.0 


0.0177 


0.00237 


0.1340 


30.0 


0.0218 


0.00276 


0.1265 


35.0 . 


0.025 


0.0031 


0.124 




i 



Ta'bulat ion of Computations for Concave-end Rod 



Object: to obtain values of Q, at blov-off for various values 



of fuel-to-air ratio. Explanation of symbols and method of 

computation is in foreyoin^;: pages. 



Lean Mixtures 





A h 


A h 




q 


q 


q 


I 

lb. /in.® 




ft , air 


7a h 


air 

3, 

ft. /sec. 


fuel 
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